In France mortality from ischaemic heart disease is about a quarter of that in Britain. [1] [2] [3] [4] [5] [6] [7] The major risk factors are no more favourable in France, and this so called "French paradox" has not been satisfactorily explained. Table 1 shows the difference in mortality from heart disease between the countries, and table 2 shows the similar levels of animal fat consumption, serum total cholesterol and high density lipoprotein cholesterol concentrations, blood pressure, and (in men) smoking. The French paradox is usually attributed to the higher consumption of alcohol in France, notably of wine, [2] [3] [4] [5] and some have suggested a specific effect of red wine. In this article we assess quantitatively the extent to which this and other possible explanations can account for the low rate of heart disease in France. We then consider a novel "time lag" hypothesis, which, we believe, is the main explanation for the paradox.
This hypothesis arises from the observation that animal fat consumption and serum cholesterol concentration have been similar in France and Britain for a relatively short time-about 15 years. For decades up to 1970, France had lower animal fat consumption (about 21% of total energy consumption v 31% in Britain) and serum cholesterol (5.7 v 6.3 mmol/l), and only between 1970 and 1980 did French values increase to those in Britain. 2 12-25 There must be a time lag between the increase in serum cholesterol concentration and the full effect of the resulting increase in coronary artery atheroma and risk of death from ischaemic heart disease. The observations that Western populations are exposed to high levels of dietary saturated fat and serum cholesterol from childhood, that atheroma progresses slowly throughout life, and that only about 1% of men die from ischaemic heart disease before the age of 50 9 suggest that decades of exposure must elapse. We propose that this is the main explanation for the low mortality from ischaemic heart disease in France. A similar time lag is recognised with smoking and lung cancer, in which it is the smoking habit of 30-40 years ago that is important in determining current risk, 26 and a long incubation period for heart disease has been previously proposed. 27 
Previous explanations of the paradox
Undercertification of ischaemic heart disease Not all deaths caused by ischaemic heart disease in France are classified as such; French doctors tend to certify some (such as those caused by heart failure and other late complications of myocardial infarction) as poorly specified causes. 5 28 Table 1 shows that poor certification is important but can only partly explain the paradox. The excess attribution of deaths to poorly specified cardiac causes in France is equivalent to 12% of the difference in mortality from heart disease between France and Britain (45/359 in men and 15/126 in women), and to all poorly specified causes is equivalent to 19% (68/359 and 23/126).
Smoking
The prevalence of smoking in men is similar in France (32%) and Britain (29%), but in women it is lower in France (9% v 30%) (table 2). These patterns have persisted for over 30 years 9 and are reflected in
Summary points
Mortality from ischaemic heart disease in France is about a quarter of that in Britain, but the major risk factors are similar
Undercertification of ischaemic heart disease in France could account for about 20% of the difference
The high consumption of alcohol in France, and of red wine in particular, explains little of the difference
We propose that the difference is due to the time lag between increases in consumption of animal fat and serum cholesterol concentrations and the resulting increase in mortality from heart disease-similar to the recognised time lag between smoking and lung cancer. Consumption of animal fat and serum cholesterol concentrations increased only recently in France but did so decades ago in Britain
Evidence supports this explanation: mortality from heart disease across countries, including France, correlates strongly with levels of animal fat consumption and serum cholesterol in the past (30 years ago) but only weakly to recent levels. Based on past levels, mortality data for France are not discrepant mortality from lung cancer (similar in French and British men but lower in French than British women 7 ). The low prevalence of smoking in French women is consistent with the fact that the ratio of mortality from ischaemic heart disease in French to British women (1:3) is lower than the equivalent ratio in men (1:2.5) (table 1). Given that the risk of ischaemic heart disease in 55-64 year old smokers is twice that of nonsmokers, 29 the risk in French women ((2 × 9%) + (1 × 91%)) divided by that in British women ((2 × 30%) + (1 × 70%)) is 84%, and 84% of 1:3 (the ratio of mortality in French women to that in British women) is 1:2.5, the same as the ratio in men. The sex difference is explained, but not the residual mortality ratio of 1:2.5 in both sexes. Figure 1 shows the relative risk of mortality from ischaemic heart disease according to alcohol consumption in the American Cancer Society's cancer prevention study I (the largest cohort study in the world, with 18 771 deaths from ischaemic heart disease), 30 cancer prevention study II (10 252 deaths from ischaemic heart disease), 31 and in the three next largest cohort studies (recording 1061 deaths, 32 940 deaths, 33 and 611 events 34 ). The studies show a consistent reduction in risk of about 20% in people who drink about one unit of alcohol a day than in people who drink none but, taken together, indicate that drinking more than about one unit a day confers little or no further protection. The data are consistent with a doseresponse relation. The pattern is the same in men and women. 31 33 This non-linear dose-response relation probably reflects a summation of opposing effects of alcohol: the protective effects (mainly the increase in serum concentration of high density lipoprotein chol- Table 1 Mortality (No of deaths/100 000) from ischaemic heart disease and poorly specified causes in people aged [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] 32 Kaiser Permanente study 33 British regional heart study 34 
Alcohol

Fig 1
Relative risk (95% confidence interval) of death from ischaemic heart disease according to alcohol consumption (non-drinkers=1.0; one unit equivalent to a standard drink) in the five largest cohort studies. [30] [31] [32] [33] [34] (Confidence intervals of relative risk estimates calculated from those of the corresponding absolute mortalities) esterol but also the favourable changes in haemostatic factors) are countered by the higher blood pressure, which increases risk.
If all French men and no British men drank at least one unit of alcohol a day, other factors being equal, the difference in ischaemic heart disease would be about 20%. If half of British men drank at least one unit of alcohol daily the difference would be 10%, and if three quarters of British men did so it would be 5%. The last value approximates the current prevalence, 10 12 but the difference in mortality from heart disease from differences in alcohol consumption will be even smaller than 5% because not all French men drink alcohol and because occasional alcohol consumption ( < 1 unit a day, more common in Britain) confers some protection. ) reflects a higher average consumption per drinker rather than a higher prevalence of drinkers and so does not further reduce the incidence of ischaemic heart disease.
A specific effect of wine
There is a strong association across countries between higher consumption of wine (but not beer or spirits) and lower mortality from ischaemic heart disease. [2] [3] [4] [5] This ecological association encouraged the view that the protective effect of alcohol was specific to wine. Wine consumption in France is high, 2 and it was natural to invoke this as an explanation for the paradox. But epidemiological evidence shows that the protective effect of wine is no greater than that of beer or spirits. [35] [36] [37] All alcoholic drinks produce the changes in serum high density lipoprotein cholesterol concentration and haemostatic factors that reduce risk, [37] [38] [39] [40] [41] [42] and randomised crossover studies have shown that ethanol produces them. 41 42 A specific protective effect of red wine has been proposed on the basis that, in relation to its alcohol content, red wine contains more phenolic compounds (with antioxidant activity) than other drinks, [43] [44] [45] although blood concentrations do not increase in proportion to dose. 43 It also increases the proportion of polyunsaturated fatty acids in platelet phospholipids. 46 But the evidence does not support an important role for either of these factors in the causation of ischaemic heart disease. [45] [46] [47] One of the five large cohort studies cited above included people who drank only red wine or only white wine, and there was no difference in their risk of heart disease.
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Garlic and onions
The suggestion that consumption of garlic and onions could account for the low mortality from heart disease in France is based on ecological associations, 1 48 49 and direct supportive evidence is lacking. Trials that suggested that garlic reduced serum cholesterol concentration had methodological flaws, 50 and well designed trials have shown no effect. 50 
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The time lag hypothesis
Evidence for the hypothesis If there is a delay between an increase in serum cholesterol concentration and the resulting increase in mortality from ischaemic heart disease, current death rates from heart disease would relate to past levels of dietary fat and serum cholesterol better than to present day levels. Figure 2 shows current (1992) mortality from heart disease in men in 20 countries plotted against their recent (1988) and their past (1965) consumption of animal fat. 2 Mortality from ischaemic heart disease was strongly associated with past animal fat consumption, accounting for 54% of the variance in mortality from heart disease between countries (r 2 = 0.54, P < 0.001), but this was not so for recent consumption (r 2 = 0.07, P = 0.28). The difference between past and recent consumption was highly significant (F 1 16 = 21.8, P = 0.003). Entering the data on past and recent consumption together in regression analysis did not predict mortality from heart disease better than did the past data alone. With the earlier data, the position of France is less discrepant from that of other countries, and after adjustment for the French undercertification of ischaemic heart disease it fits the overall trend well.
Figure 2 also shows current (1992) mortality from ischaemic heart disease in men plotted against estimates of recent (about 1990) and past (about 1970) national average serum cholesterol concentrations in 13 countries (table 3 shows the sources of the estimates). As with animal fat consumption, mortality was strongly associated with past values (r 2 = 0.55, P = 0.006) but not with recent values (r 2 = 0.08, P = 0.36), use of both past values and recent values did not enhance prediction of heart disease mortality compared with using past data alone, and the difference between past and recent values was highly significant (F 1 9 = 15.1, P = 0.004). After adjustment for French undercertification of ischaemic heart disease, the position of France is not discrepant.
The regression line of past serum cholesterol concentration on ischaemic heart disease ( fig 2) indicates that a decrease in serum cholesterol of 0.6 mmol/l is associated with a 37% lower mortality from ischaemic heart disease (95% confidence interval 18% to 52%), table 1 ). Table 3 shows data used in the graphs and the code for each country virtually identical to the estimate from the seven countries study. 67 Serum cholesterol concentration in 1970 was 0.6 mmol/l lower in France than in Britain (5.7 v 6.3 mmol/l, table 3), and this explains most of its lower mortality from heart disease. It may seem surprising that the associations of heart disease with recent animal fat and cholesterol were so weak: they became significant when Japan (an outlier) was included in the analysis, but the relation with past values remained substantially stronger (for animal fat, F 1 17 = 22.7, P < 0.001; for serum cholesterol, F 1 10 = 18.9, P = 0.001). The associations were unaffected by including data on tobacco consumption 9 and fruit and vegetable consumption 2 as potential confounders.
Dietary confounding and the failure of the wine hypothesis
Wine consumption is associated with lower mortality from ischaemic heart disease across countries, as discussed above. Including wine with recent animal fat consumption in a multivariate analysis resulted in more of the variance in heart disease being explained, and this observation was interpreted as indicating a protective effect of wine. 3 4 But in a multivariate analysis in which past animal fat consumption is used instead of recent consumption, wine consumption (past or recent) is no longer associated with mortality from heart disease and does not add to the variance explained. The association between wine and low ischaemic heart disease arose because wine consumption is associated across countries with the change in animal fat consumption from 1965 to 1988 (r 2 = 0.46, P = 0.001). Countries with high wine consumption are those in which saturated fat consumption used to be low but increased in recent years (France, Italy, Spain, and Switzerland, for example). The low mortality from ischaemic heart disease reflects the earlier low levels of saturated fat consumption, for which wine is simply an indirect marker-a confounding factor.
Duration of the time lag
The data in figure 2 indicate that the time lag between an increase in fat consumption and its maximal effect on heart disease risk is at least 25 years. It could be longer, but the analysis cannot be repeated with data from before 1965-70 as these are scanty and may be unreliable. The time lag could be as long as 35 years because this was the interval between the peak in the production of food of animal origin in Britain (which increased by two thirds between 1880 and 1936 but did not materially increase thereafter 24 25 ) and the peak in mortality from ischaemic heart disease (which attained a plateau in 1971).
This slow increase in mortality from ischaemic heart disease after an increase in serum cholesterol concentration contrasts with the much more rapid decrease in mortality from ischaemic heart disease after a reduction in serum cholesterol. The randomised controlled trials of reducing serum cholesterol concentration show that the maximal reduction in mortality from heart disease is largely attained after about two years. 67 Slow inception and rapid reversal are not inconsistent, and one should not be used to suggest that the other is incorrect. The relative risk of smoking related diseases also increases slowly after starting smoking but falls soon after stopping smoking.
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Possible contrary observations Data on mortality from heart disease in France now cover a period of about 15 years since the increase in animal fat consumption. Some increase in heart disease in France relative to Britain might now be expected, but none is seen. 7 No inference can be drawn, however, because, since 1980, mortality from heart disease has decreased by about half in all economically developed countries, 7 largely due to the introduction of effective preventive treatments, and this effect is likely to dominate the effect of trends in risk factors. The treatments seem to have been used more extensively in France than in Britain: in 1993, 34% of survivors of infarcts in France took cholesterol lowering drugs compared with 4% of survivors in Britain, 63% took aspirin compared with 38%, 20% took anticoagulants compared with 5%, and 48% took blockers compared with 20%. 12 68 Also, a study suggests that serum cholesterol concentrations in France, having peaked in about 1980, may have subsequently decreased (by 0.4 mmol/l). 69 The persistently low mortality from heart disease in France is therefore not surprising and does not refute the time lag hypothesis. Indeed, France is not unique in this; in Japan fat consumption and serum cholesterol concentration increased over the same period (fig 2) , but heart disease has not.
The time lag hypothesis may help to explain the difference in heart disease between Britain and France but not the north-south difference across Britain, since dietary patterns in one part of the country relative to another have not materially changed over the past 40 years. 22 25 This difference is likely to be due to the persistent differences between north and south in smoking and diet. 70 In France the data are insufficient to determine whether the time lag hypothesis may partly explain its regional variations in heart disease. Britain is colder than France (by 2°C on average), but even if temperature were a causal factor it could explain little of the difference in heart disease either across each country or between the countries. The 20% excess winter mortality from heart disease in Britain (largely explained by higher concentration of clotting factors attributable to winter respiratory infections 71 ) relates to an average temperature difference of 6°C, 70 so the 2°C temperature difference would account for a difference in heart disease of only about 7%. This, and the small effect of its below average alcohol consumption, may help to explain why Britain has slightly higher than expected heart disease mortality in figure 2 .
Public health implications
The time lag hypothesis, we believe, explains an interesting epidemiological paradox. But it is important to recognise that mortality from all causes in French men is similar to that in British men, despite their lower mortality from ischaemic heart disease (see table 4 ). The excess mortality from alcohol related causes is so large that it abolishes the survival advantage from the low mortality from heart disease, highlighting the public health problem from alcohol in French men. French women, in contrast, have done well: their mortality from all causes is a third lower than that in British women (table 4) , a consequence of their moderate alcohol consumption, their diet, and their relatively low rate of smoking. Our paper has highlighted two important public health problems, the high mortality from heart disease in Britain and the high mortality from alcohol related causes in French men. Both are preventable. 
Commentary: Alcohol and other dietary factors may be important
Meir Stampfer, Eric Rimm
Law and Wald predict that it is only a matter of time before the "French paradox" resolves itself as the similar pattern of risks factors (animal fat consumption, serum cholesterol concentrations, and blood pressure) between France and Britain will become translated into similar death rates from coronary disease. Although alcohol consumption remains higher in France than in Britain, the authors reject this as a possible explanation because they consider that alcohol intake greater than one unit a day confers no greater benefit. The evidence for this assumption is tenuous; many studies find a continuous graded association between increasing intake and lower levels of coronary mortality. 1 2 Moreover, the French tradition of drinking alcohol with meals may be more beneficial than other patterns of intake. 3 Hence, Law and Wald may be too quick to dismiss the role of alcohol as a partial explanation.
They make an important point in distinguishing the relatively rapid decrease in risk of heart disease after reduction in cholesterol concentrations from the slow increase in risk associated with increased concentrations. It is disappointing, however, that their entire explanation rests on a small number of well established coronary risk factors. Although the importance of these risk factors is not disputed, it is clear that differences in their distribution can explain only part of the variability in the occurrence of coronary heart disease. Obviously, other factors must play a role.
The main value in identifying ecological contrasts in disease rates, such as the French paradox, is to stimulate new hypotheses. The time lag hypothesis is one such idea, but the similarity of levels of traditional risk factors over a fairly long period strongly suggests that other behavioural differences may be at work. We would like to know more about differences between France and Britain in intake of folate, 4-6 cereal fibre, 7 8 nuts, 9 10 linolenic acid, 11 and the glycaemic load of the diet. 12 13 Differences in these dietary variables have little impact on total or high density lipoprotein cholesterol concentrations, but in US populations each has been associated with marked differences in levels of coronary heart disease across the range of normal levels of intake. Data from the World Health Organisation and the Food and Agricultural Organisation, derived from estimates of food disappearance, suggest that per capita intake of nuts and fibre has been two to three times higher in France than the United Kingdom since 1965. The Lyon heart study provides an important case in point. In this clinical trial patients who had survived a myocardial infarction were randomly assigned to their normal diet or a Mediterranean style diet. The experimental diet was rich in fruits, vegetables, monounsaturated fat, and linolenic acid.
14 Alcohol intake was similar in the two groups. The experimental diet was not designed to lower blood lipids, and indeed the concentrations of total, low density lipoprotein, and high density lipoprotein cholesterol in the two groups were similar throughout the two years on the diet. Blood pressures were also similar. Despite the similarities in the traditional risk factors, the experimental group experienced a 73% decrease in subsequent myocardial infarction or mortality from coronary heart disease, and overall mortality was reduced by 70% (95% confidence interval 18% to 89%).
Differences in intake of types of fat that have a benefit disproportionate to their impact on serum cholesterol concentrations may also contribute to the French paradox. For example, intake of oils rich in polyunsaturated fat has been nearly twice as high in France as in the United Kingdom over the past 30 years.
Coronary heart disease is complex and multifactorial, which is a good thing. It means that many avenues for intervention can be applied. Changes in concentrations of total and low density lipoprotein cholesterol and blood pressure have doubtless had an enormous beneficial impact in reducing the risk of this disease. However, many other paths to prevention remain relatively unexplored. Law and Wald might be correct that the French paradox will in time dissolve, but we think it more likely that the difference in coronary mortality rests on behavioural (especially dietary) differences that have not received adequate attention.
Commentary: Intrauterine nutrition may be important D J P Barker
Szent-Gyorgi wrote that "for every complex problem, there is a simple, easy to understand, incorrect answer." Hitherto, only simple explanations-such as the protective effects of red wine, garlic, or onions-have been brought forward to explain why French people have such low rates of coronary heart disease despite their "unhealthy" lifestyles. Not surprisingly, these simple ideas have not stood the test of time. Law and Wald have carried out a more subtle analysis. They conclude that, for the population of France, retribution has merely been postponed, and an epidemic of coronary heart disease is now approaching. Their hypothesis rests on the assumption that trends in the disease follow closely on trends in animal fat consumption and serum cholesterol concentrations, an assumption that can readily be challenged. Findings in the monitoring trends and determinants in cardiovascular disease (MONICA) study, for example, show that recent trends in coronary heart disease are only weakly related to trends in serum cholesterol.
An alternative explanation of the French paradox derives from recent research which suggests that coronary heart disease originates in utero, through adaptations that the fetus makes to undernutrition. 1 2 According to this hypothesis, coronary heart disease "represents a stage of improving nutrition between chronic maternal malnutrition and nutrition at a plane that allows the mother to nourish her fetus adequately throughout gestation." Because fetal nutrition depends on the mother's body composition and size as well as her diet in pregnancy, optimal maternal nutrition depends on the nutrition of girls through childhood and adolescence as well as the nutrition of adult women.
Two hundred years ago the populations of Britain and France were chronically malnourished. It has been estimated that towards the end of the 18th century a person's average energy intake in England was similar to that in India today, while that in France was lower, similar to that in Rwanda today. 3 What Fogel has called "the escape from hunger" got under way in the 19th century, but, despite increasing food supplies in both countries, women, babies, and children remained poorly nourished. At the start of the 20th century, the poor physique of would-be army recruits enlisting to fight in the Boer war drew attention to the plight of Britain's youth. A committee set up in 1903 drew a shocking picture of our children-malnourished, deprived, and poorly housed. 4 In the years up to the first world war, the report of this committee fuelled a series of public health programmes for infants and children, which included feeding of schoolchildren, promotion of breast feeding, and care of pregnant women. 5 As this infant and child welfare movement developed in Britain, it had a useful role model-France. The demoralising defeat in the Franco-Prussian war (1871) together with concerns about the small number of children in the country, through a combination of low birth rate and high infant mortality, led to fears that the French army would soon be inadequate and that France would cease to be a military power. Over the next 30 years various measures were introduced to protect the nutrition and health of the country's children. School meals were established: by 1904, when the Lancet sent a representative to Paris to report on this, a meal (soup, meat, and vegetables) was being provided to every schoolchild. In both Paris and the provinces there were infant welfare centres promoting breast feeding and, when this failed, providing sterilised cows' milk from milk depots. Communes were taking responsibility for the welfare of pregnant women. In the wake of the interdepartmental committee report, medical officers of health in Britain looked to "the French system" as they devised their own welfare programmes for infants and children.
Did better nourishment of girls, better nutrition in pregnancy, and better infant feeding protect the generations of French people born from the turn of the century onwards from coronary heart disease? Have the French population successfully "escaped from hunger" without an epidemic of coronary heart disease by focusing improved nutrition on mothers, babies, and young children? If so, this is an important message for countries like India, where coronary heart disease is now epidemic and is rapidly becoming the commonest cause of death. 
Commentary: Heterogeneity of populations should be taken into account
Johan P Mackenbach, Anton E Kunst
Law and Wald suggest that the "French paradox" can be explained by their time lag hypothesis-that decades of exposure to high dietary saturated fat and serum cholesterol concentrations must elapse before risk of mortality from ischaemic heart disease starts to rise. The observations that have given rise to the notion of a French paradox and inspired Law and Wald's hypothesis are all based on national averages: national mortalities from heart disease and average prevalences of risk factors. The figures are stratified by sex, but there is no allowance for the regional and socioeconomic variations that characterise the occurrence of heart disease and its risk factors. 1 2 There are several reasons why this is problematic.
Firstly, the heterogeneity of populations may make it difficult to obtain valid estimates of national averages of risk factor levels. Law and Wald have drawn on a wide variety of sources, particularly for serum cholesterol concentrations. Among their sources, they have included regional studies (such as French studies from Ile-de-France and Alsace) and studies among specific socioeconomic groups (such as studies on civil servants and employees in Italy). They do not explain how they derived their national averages, but it is likely that these (weighted?) averages have non-negligible margins of uncertainty.
Secondly, regional and socioeconomic variations will affect behavioural patterns generally and may therefore lead to a clustering of risk factors in certain subgroups of the population. If these risk factors potentiate each other's effect on ischaemic heart disease a simple comparison of national averages may be misleading. Smoking enhances the effect of hypercholesterolaemia on ischaemic heart disease, 3 and a country in which smoking and hypercholesterolaemia cluster in the same subgroups of the population will therefore have a higher national mortality from heart disease than a country in which smoking and hypercholesterolaemia are concentrated in different subgroups even if their national averages for these risk factors are the same. A similar reasoning may be applied to risk factors that diminish each other's effect, perhaps alcohol consumption and intake of animal fat. 3 We know relatively little about the clustering of risk factors, but evidence from survey data suggests that socioeconomic variation in smoking and dietary factors is more consistent in the north of Europe than in the south, including France. 4 A clustering of smoking and hypercholesterolaemia in the lower socioeconomic groups is therefore more likely to be found in northern Europe than in the south, and it seems at least theoretically possible that the French paradox is partly explained by this phenomenon.
This brings us to another example of the heterogeneity of populations that may help to explain the French paradox. In a comparative study of socioeconomic inequalities in mortality from ischaemic heart disease in 12 industrialised countries we found that there was a strong correlation between the extent of inequalities in mortality from heart disease (measured as the relative risk of dying among men in manual occupations compared with men in nonmanual occupations) and the share of ischaemic heart disease in the total number of deaths among middle aged men. Southern Europe, including France, is generally characterised by both small socioeconomic differences in ischaemic heart disease and low national death rates from ischaemic heart disease. For example, while the relative risk of manual workers was 1.50 (95% confidence interval 1.32 to 1.71) in England and Wales, it was 0.96 (0.92 to 1.00) in France. It is tempting to see a causal connection between the two: couldn't it be partly because of the small socioeconomic differences that the national death rate from ischaemic heart disease in France is so low? Given the fact that the manual classes make up about half of the male, middle aged population, the socioeconomic gradient in Britain would produce a 25% higher national mortality from ischaemic heart disease even if the death rates in the non-manual classes were the same (in fact, they are substantially lower in France). In view of the 250% excess mortality from ischaemic heart disease in Britain compared with France it is clear that the proportion "explained" by the socioeconomic gradient in Britain is modest. On the other hand, the figures do show that looking at subnational patterns of mortality from ischaemic heart disease and risk factors is worth while, and we suggest that further attempts to explain the French paradox take advantage of the heterogeneity of national populations in order to identify the specific constellations of factors that explain a country's high or low national mortality from ischaemic heart disease.
Our "time lag" explanation must apply equally to heart disease as to other chronic diseases; what is surprising is that this has been overlooked until now. We do not attribute the entire French paradox to the time lag as the commentators suggest; we emphasise inaccurate death certification and, in women, low rates of smoking. Other factors may also contribute, but we consider the time lag to be quantitatively the most important explanation.
Barker states that our time lag explanation can be challenged because the MONICA study shows little relation between trends in serum cholesterol concentration and trends in heart disease. But his observation that, over the 15 years of MONICA, the incidence of heart disease was no greater on average in populations where serum cholesterol had increased than in populations where it had not shows that 15 years is a short period in relation to atherogenesis. This supports rather than refutes the time lag explanation.
Barker attributes the low mortality from heart disease in France to school meals and other initiatives that improved childhood nutrition around 1900. Similar improvements took place in Britain soon afterwards, with nationwide provision of school meals by 1907 and redistribution of income to the poor in the "people's budget" of 1909. The resulting improvement in child health in Britain was shown by mortality from measles, which fell over the following decade by two thirds from its Victorian level of one death per 1000 children. 4 Barker speculates that this temporary nutritional difference increased lifelong risk of heart disease in British people born in 1900-9 and that British girls born in this period grew up to be undernourished mothers, predisposing their children to heart disease. Even if this were true it would not explain the French paradox. Heart disease continues to be more common among British people born in every subsequent decade up to the 1960s and beyond. 2 High death rates cannot be attributable to a temporary difference in exposure 50 years before people were born. Moreover, Barker's explanation is specific to France, but France is not the only country with low mortality from heart disease in relation to its present intake of dietary fat. Heart disease is lower than expected in Spain, Italy, Belgium, and especially Japan (see fig 2 of our article) and also in Soweto. 5 Common to these diverse populations is a relatively recent increase in dietary fat intake and serum cholesterol concentration.
Mackenbach and Kunst claim that our measures of exposure in some countries were from unrepresentative samples, undermining our results. We disagree. In our analysis of animal fat consumption (20 countries) we used national data, all from the same source, 6 and this yielded a similar result as the cholesterol analysis (13 countries). Errors would be random in direction, so masking the association not strengthening it, and would be greater in the past (when there were less data and quality may have been poorer). Yet mortality from heart disease was more strongly related to past than recent data. Smoking would not confound the association as Mackenbach and Kunst suggest because it is not strongly associated with serum cholesterol either within or between countries.
Mackenbach and Kunst have shown a tendency for mortality from heart disease to be lower in countries where there is little difference between manual and nonmanual workers within the country in their risk of heart disease. 7 This is not of itself an explanation of the French paradox. The association arises because low mortality ratios between manual and non-manual workers are correlated across countries (r = 0.73) with the past low levels of animal fat consumption that accounted for the variation in heart disease in our analysis. The association between low risk of heart disease and high wine consumption had the same explanation. In the traditionally agricultural countries of southern Europe dietary fat has been low until relatively recently (which can explain the low mortality from heart disease); in addition, wine consumption is high and risk factors for heart disease vary little with occupation, so these are associated with low rates of heart disease.
Stampfer and Rimm claim an important role for alcohol, but we think it is minor. The protective effect of alcohol does not significantly increase beyond 1-2 units a day (see fig 1 in our article) , so the higher average consumption per drinker in France confers no additional benefit. The data from the five largest cohort studies, recording in total 28 800 heart disease events (6500 in people who consumed >2 units of alcohol a day) establish this conclusively. Of the two studies cited by Stampfer and Rimm in support of a continuous association, one confirms the plateau (risk relative to lifelong abstainers was 0.7 in drinkers of 1-2 units per day and 0.8 in drinkers of >6 units a day 8 ) while the other recorded only 37 heart disease events in heavier alcohol drinkers. 9 Such small studies are uninformative: the confidence intervals are so wide as to be consistent with either a continuous association or a plateau. 9 Stampfer and Rimm also cite the dietary interventions in the Lyon trial (more fruit and vegetables, less meat, substitution of unsaturated oils for butter and cream 10 ). They suggest that such dietary factors could help explain the French paradox, but our analysis of animal fat consumption between countries (adjusted for consumption of fruit and vegetables) took these into account. They speculate on other dietary factors not tested in the trial (cereal fibre, nuts, the glycaemic load of the diet), which are difficult to assess individually because of dietary confounding. These hypotheses, like Barker's, assume that the paradox is unique to France. It is not: heart disease is low in relation to current risk factors in populations as diverse as Belgium, Japan, and Soweto, which share with France a recent increase in animal fat consumption but differ with respect to the other dietary factors.
After allowance for undercertification (and, in women, smoking), heart disease is 2.5 times more common in Britain than France. We believe that the time lag explanation is the major reason and that the alternative explanations offered in the commentaries are quantitatively unimportant.
Not playing with a full DEC: why development and evaluation committee methods for appraising new drugs may be inadequate
Nick Freemantle, James Mason
The consultation document A First Class Service: Quality in the New NHS 1 heralded the introduction of the National Institute for Clinical Excellence (NICE). A key task of the institute is to provide rapid appraisal of new drugs in the period before licensing. New products may be accepted or refused NHS reimbursement, or they may be allocated "continuing research status."
The review process described in A First Class Service and developed in a subsequent discussion paper 2 mirrors that used for regionally funded development and evaluation committee (DEC) reports. Development and evaluation committee reports are produced by an independent arbitration committee comprising senior clinicians and others, who review the quality of available evidence, give explicit consideration to cost utility estimates, and make recommendations about interventions. Reports are published by NHS Research and Development (www.epi.bris.ac.uk/rd). Are the methods used by the development and evaluation committee up to the task?
Summary points
The National Institute for Clinical Excellence will appraise 30-50 drugs and technologies each year to inform decisions on whether these should be accepted or refused NHS reimbursement
The appraisal process will mirror that of regional development and evaluation committees, but this may lead to poor decision making since the methods used are inappropriate
The cost utility method of ranking treatments is based on strong assumptions and selective use of available evidence New drugs should be appraised in terms of physical outcomes that mean something to doctors and patients 
